Objective: To explore the intraperitoneal free cancer cell (IFCC) detection value of negative enrichment and immune fluorescence in situ hybridization (NEimFISH) on chromosomes (CEN) 8/17.
Introduction
Gastric cancer is one of the most common gastrointestinal malignant cancers, with approximately 990,000 new patients and 738,000 patients succumbing to the disease (1). The incidence of gastric cancer ranks second of all types of cancer, with the third highest death rate related to cancer in China (2, 3) . Recent advances in treating gastric cancer have improved the clinical outcomes, however, a substantial proportion of patients are initially diagnosed with unresectable locally advanced or metastatic disease, and more than one-third of these patients have peritoneal metastasis (4) . Patients with gastric cancer peritoneal metastasis tend to have a poor prognosis and an advanced oncological stage. Accordingly, the 7th Edition of the American Joint Committee on Cancer (AJCC) Cancer Staging Manual describes the criteria for unresectable disease, which include distant metastasis or peritoneal seeding (5) , and the latter includes positive peritoneal cytology indicating peritoneal metastasis. Therefore, how to precisely detect the peritoneal cancer cells becomes a big challenge for doctors and scientists.
Conventional cytology is widely used as a standard criterion for intraperitoneal free cancer cell (IFCC) detection, however, it has been reported that the positive rate from peritoneal wash cytology ranges from 5% to 41% (6) (7) (8) . Regarding the accuracy of peritoneal recurrence prediction, the sensitivity and specificity of conventional cytology could reach to 34% and 85%, respectively (9) . The usefulness of conventional cytology for the prediction of peritoneal metastasis is still controversial (10) . Conventional cytology is qualitative, has low sensitivity and depends on the pathologists (11) . Therefore, the chances of radical resections may be lowered by the low sensitivity of conventional cytology, which makes this method unreliable when choosing treatment modalities. Another question is whether the different number of cancer cells is associated with various peritoneal recurrent probabilities. Accordingly, a quantified detection method is urgently needed.
With the development of diagnostic technologies, many new methods for detecting IFCC have been put forward. Compared with conventional cytology, reverse transcriptionpolymerase chain reaction (RT-PCR), with a higher sensitivity, has demonstrated a positive association with peritoneal recurrence and prognosis (12) (13) (14) . However, the high expense, time-consuming feature and lack of standard processing methods preclude its wider clinical use.
Detection of carcinoembryonic antigen (CEA) RNA by RT-PCR of peritoneal washes also proved to be a more sensitive method than conventional cytology, with a 14% increase in detection rate (15) . However, the avoidance of false positive results is still a great challenge.
It is widely known that carcinogenesis is a process with a large amount of mutation accumulations and chromosomal variants. The chromosome instability plays an important role in the process of tumorigenesis (16, 17) . Chromosomes (CEN) 1, 2, 3, 5, 7, 8, 11, 12, 17, and 20 have been widely reported (16, 18) . Copy number gains of CEN8 have been found in 77.3% of gastric cancer cases (19) . CEN8 is famous because of the c-myc gene (18) . Gains at CEN17 have also been frequently observed in gastric cancers. CEN17 is known for its suppressor gene TP53 (20) . The widespread instability of CEN8 and CEN17 provides us with a solid mechanism foundation for IFCC detection of gastric cancer.
Based on these findings, the IFCC detection value of negative enrichment and immune fluorescence in situ hybridization (NEimFISH) on CENs 8 and 17 amplifications deserves exploration.
Materials and methods

Tissue fluorescence in situ hybridization (FISH)
First, we conducted FISH on 29 samples of gastric cancer tumors and their corresponding greater omental paraffin section tissues to verify the reliability of NEimFISH. All patients were diagnosed with gastric adenocarcinoma by two independent pathologists. We analyzed the status of CEN8/17 amplifications between benign and malignant tissues of gastric cancer. We also conducted FISH on the 29 corresponding cancer adjacent tissues. The cells with CEN amplifications were calculated on 50 cells.
Peritoneal lavage and NEimFISH of IFCC
Based on the preliminary results of tissue experiments, we started to collect peritoneal lavage fluid from gastric cancer patients undergoing surgery in Center of Gastrointestinal Surgery, Peking University Cancer Hospital & Institute ranging from July 2017 to June 2018. All patients received peritoneal lavage with 1,000 mL 0.9% saline, half of which was taken out for detection. And 250 mL saline was used for conventional cytology, paraffin pathology and NEimFISH detection, respectively. First, we collected 250 mL lavage fluid, which was placed into centrifuge tubes.
After 5 min of centrifugation, we disposed of the supernatants and standardized the sample volumes to 5 mL. Second, we reduced the white cells using immunomagnetic beads. Third, we chose 100,000 cells as a standard level. The imFISH with CEN8/17 was performed to identify IFCCs. Finally, all regions were scanned with a fluorescence microscope and we marked the site of positive cells with CEN+CD45−/DAPI+. CEN8 and CEN17 positive cells were defined as DAPI+/CD45−/CEN8+ or DAPI+/CD45−/CEN17+, while normal cells are 8/17 diploid structures. CEN8+ and CEN17+ were detected with 3 or more signals. We then recalculated the standard IFCC number by 100 mL. All pathology diagnoses and cell calculations were conducted by two independent pathologists or investigators. We conducted one-year follow-up for patients undergoing radical surgery. All procedures followed were in accordance with the ethical standards of the responsible committee on human experimentation (Peking University Cancer Hospital) and with the Helsinki Declaration of 1964 and later versions. Informed consent to be included in the study, or the equivalent, was obtained from all patients.
Statistical analysis
We constructed a receiver operating characteristics (ROC) curve to evaluate the diagnostic value of NEimFISH and the one-year peritoneal recurrence predictive value of different detection methods. The cutoff value was calculated using the Youden index by the most valuable diagnostic marker. We defined the samples as IFCC positive regardless of the detailed cancer cell numbers. The comparisons of clinicopathological features were conducted among IFCC groups using a Chi-square test, Kruskal-Wallis test and nonconditional logistic regression analysis. The comparison of IFCC number was also conducted among different groups using a Mann-Whitney U test and Kruskal-Wallis test. P<0.05 was regarded as statistically significant. We performed all statistical analyses using IBM SPSS Statistics (Version 23.0; IBM Corp., New York, USA).
Results
Identification of cancer cells with CEN8/17 amplification
To precisely identify cancer cells with CEN amplifications, we used many markers including DAPI, CD45, CEN8 and CEN17 probes. The gastric cancer cells were confirmed according to the signals of different markers. Cells with DAPI+/CEN8 or CEN17≥3/CD45− were defined as cancer cells. Cells with DAPI+/CD45+ were evaluated as white cells (Figure 1) . In tissues, we measured cells with DAPI+/CEN8 or CEN17≥3 as cancer cells ( Figure 2 ).
Comparison of CEN8/17 amplification between benign and malignant tissues of gastric cancer
To evaluate the amplification difference, we conducted tissue FISH of CEN8 and CEN17 amplifications for samples from 29 gastric cancer patients. ROC curves were constructed on the diagnostic value of CEN8, CEN17 and CEN8/17. The area under the curve (AUC) is 0.964 and 0.885 for CEN8 and CEN17, respectively ( Figure 3A,B) . The AUC could reach 0.973 for CEN8/17 ( Figure 3C ). According to the ROC curve, we calculate the cutoff value as 2.5 for CEN8/17 amplifications. Therefore, we defined tissues with ≤2 CEN8/17 amplified cells as benign tissues. In contrast, tissues with ≥3 CEN8/17 amplified cells were regarded as malignant tissues. Following these guidelines, none of the 29 benign tissues was classified as cancer tissues, and only one cancer sample was misdiagnosed as benign tissues.
The fundamental experiments support the high accuracy of NEimFISH in the differentiation of benign and malignant tissues for gastric cancer.
Comparison of CEN8 and CEN17 amplification distributions between cancer and adjacent tissues of gastric cancer
To evaluate the differences in CEN amplification between cancer and adjacent tissues of gastric cancer, we also conducted tissue FISH for the two CENs amplification from the same 29 gastric cancer patients. The medians of CEN8 amplification are significantly different between cancer and adjacent tissues groups (9 vs. 1, P<0.001). The numbers of CEN17 amplification for cancer and adjacent tissues are five and one cells, respectively, with a significant difference (P<0.001). The amplification status of CEN8/17 are also different between the two groups (10 vs. 1, P<0.001) ( Table 1) . According to the cutoff we calculated, 7/29 samples of adjacent tissues were similar to cancer with obvious CEN8/17 amplifications.
The distinct differences in chromosome amplifications between cancer and adjacent tissues make NEimFISH a preferable option for the identification of IFCC from gastric cancer.
Patients enrollment of gastric cancer for NEimFISH
A total of 105 patients were included in our study. Two patients were not analyzed due to lack of clinical information and four patients were not diagnosed with detailed IFCC numbers. Therefore, we were only able to analyzed the distributions of IFCC numbers for 101 patients.
Comparison of clinicopathological features among both IFCC groups
Free cells were classified as IFCC once CEN8/17 amplifications were detected, regardless of the total number of amplified cells. We performed a comparison of different clinicopathological characteristics between IFCC positive and negative groups. The age, gender and body mass index (BMI) were similar between the two groups ( Table 2) . The pathological characteristics, such as tumor differentiation, vascular invasion status, tumor stage and node lymph metastasis, had no significant difference between IFCC positive and negative groups (Table 2) . However, vascular invasion was closely associated with IFCC using a nonconditional logistic regression analysis ( Table 3 ). In addition, the distribution of Lauren classification between the two groups is significantly different (P=0.004) ( Table 2) . When comparing intestinal types, the diffused gastric cancer had a higher positive rate ( Table 3 ). The expression of proteins such as human epidermal growth factor receptor 2 (HER2), Ki-67, programmed cell death ligand 1 (PD-L1) and mismatch repair (MMR) were also similar within the two groups.
We also conducted comparisons of IFCC positive rates among three different detection methods. The detection rate of IFCC using NEimFISH was obviously higher than that using conventional cytology and paraffin pathology ( Table 4 ). 
Comparison of CEN8/17 amplification and IFCC number among different groups of patients
To evaluate the distributions of IFCC number, we conducted a comparison of CEN8/17 amplifications within different groups of patients. The IFCC number had no significant difference in both gender and neoadjuvant groups of patients. The patients with T≥2 stages have more IFCC than patients at the T1 stage (2 vs. 1, P=0.271). The IFCC number is similar in the groups of lymph node stages (2 vs. 1, P=0.328). Patients of positive groups with vascular invasion are detected having more IFCC compared with patients of negative groups (3 vs. 1, P=0.022). However, the IFCC number is uniformly distributed between perineural invasion positive and negative groups (P=0.441). Diffused gastric cancer has more IFCCs than intestinal and mixed gastric cancer with a significant difference (6 vs. 4 vs. 1, P=0.002). As we speculated, for the patients at Borrmann IV, we detected a median of 10 IFCCs, which is significantly more than that in other patients. However, the difference is not statistically significant (P=0.666) ( Table 5 ).
In different groups of conventional cytology, 8 and 2 IFCCs were found for positive and negative groups of patients, respectively, which was a significant difference (P=0.022). The IFCC number was also significantly different between positive and negative groups of paraffin pathology (6 vs. 2, P=0.012) ( Table 5 ).
Predictive value of peritoneal recurrence among different detection modalities
After follow-up, we included 71 patients for one-year peritoneal recurrence rate analyses. Thirty-two patients did not receive radical surgery and two patients were lost. To NEimFISH, negative enrichment and immune fluorescence in situ hybridization. evaluate the one-year peritoneal recurrence predictive value of different methods, we constructed ROC. The AUC is 0.603 and 0.626 for conventional cytology and paraffin pathology, respectively (Figure 4A,B) . However, the AUC could reach 0.922 for NEimFISH ( Figure 4C) . The cutoff 5.5 could get the optimal predictive value with 100% of sensitivity and 75.8% of specificity. Therefore, NEimFISH could predict one-year peritoneal recurrence more effectively than conventional cytology and paraffin pathology.
Discussion
Our study demonstrated the diagnostic value of NEimFISH using CEN8/17 on gastric cancer. The cutoff of 2.5 could distinguish all of the benign tissue samples and 97% of the malignant tissue samples in our study. Carcinogenesis is a multi-step process that includes an accumulation of genetic mutations and a wide range of genetic changes, including point mutations, chromosome level changes and genes amplifications, which are found in gastric cancer (21, 22) . DNA ploidy has been identified as having a close relationship with proliferating activity, metastatic potential and prognosis (23, 24) . Gastric cancers with DNA aneuploidy are often more sensitive to anticancer drugs (24) . Accordingly, The Cancer Genome Atlas (TCGA) classifies tumors with chromosome instability as one of important genetic types of gastric cancer (17) . Our results also support the imperative role of chromosome amplifications in gastric cancer. We also validate the reliability of NEimFISH in the differentiation of gastric cancer. The high diagnostic accuracy makes it a prospective method for the detection of IFCC.
Many studies have contributed to the treatment modalities of gastric cancer with peritoneal metastasis. The Adjuvant Chemotherapy Trial of TS-1 for Gastric Cancer (ACTS-GC) has shown the potential to reduce peritoneal metastasis of Tegafur-gimeuracil-oxo (S-1) (25) . The CCOG0301 study (26) included patients with visible peritoneal deposits despite their cytology status, and the results showed that there was no statistically significant difference between patients with or without invisible peritoneal metastasis. Although the prognosis of gastric cancer patients with IFCC is disappointing, approximately 25% of these patients could live for more than 5 years following surgery and chemotherapy (27) . Consequently, combined cytoreductive surgery and hyperthermic intraperitoneal chemotherapy could obviously improve overall survival for gastric cancer patients with peritoneal metastasis (28) (29) (30) , especially for those patients with P1 and P2 disease (31) . Therefore, positive strategies should be taken for these patients. In this case, the methods of detecting patients with potentially recurrence of peritoneal metastasis become important so that clinicians can choose the best treatment options.
As the standard method, conventional cytology is used to detect IFCC and predict peritoneal metastasis. However, some studies (32) found that IFCC using conventional cytology was not an independent prognostic factor for recurrence of peritoneal metastasis. They indicated that conventional cytology was not an effective tool for the staging of gastric cancer. These contradictory results may come from the low positive rate and qualitative features of conventional cytology. In our study, we found that the positive rate is higher in NEimFISH groups than in conventional cytology groups. Meanwhile, the IFCC in positive cytology groups is more than that in negative groups, which also reminds us of the importance of quantitative IFCC. Accordingly, we believe that the NEimFISH method described in our study could avoid the defects of conventional cytology. However, its false negative rate is an important factor we must take into consideration, and the real status of IFCC is hard to evaluate owing to the lack of a gold standard. Therefore, we correlated it with peritoneal recurrence to guide clinical strategies. Comparing with other modalities, NEimFISH could predict the peritoneal recurrence after radical surgery more accurately, which may help us avoid peritoneal recurrence or metastasis with more positive strategies. However, its value for predicting peritoneal metastasis still deserves studying owing to the lack of enough follow-up time.
In our study, we detected more IFCC with CEN8/17 amplifications in T2+ groups than in T1 groups of gastric cancer patients. The most important theory for peritoneal metastasis of gastric cancer is the seed and soil theory. Tumor cells exfoliate from the primary tumor mass to the abdominal cavity, attaching to the peritoneal surface, and finally invading into subperitoneal tissues (33, 34) . IFCCs are positively associated with serosal invasion, lymph node invasion, peritoneal recurrence and mortality (35, 36) . However, no statistically significant difference was found between the two groups, which may be attributed to the limited patient number. Transmesothelial and translymphatic metastases are widely proposed as two different processes of peritoneal metastasis formation (37) . Additionally, lymph node metastasis is regarded as another pathway to peritoneal metastasis. In our study, however, we did not find a statistically significant difference in IFCC number between positive and negative lymph node metastases. This may be attributed to the limited sample number.
Apart from the dissemination from tumor mass, IFCCs could also originate from transected lymphatic channels and tumor-contaminated blood lost in the surgical field (38) . In our research, we also found that patients with vascular invasion have more IFCC than patients without vascular invasion. The IFCC number was identified using Lauren classification, and the diffused type of gastric cancer tends to be found with more IFCC than the intestinal and mixed cell types of gastric cancer. This finding is consistent with the results of other studies. The diffused type of gastric cancer is usually diagnosed with peritoneal metastasis, whereas the intestinal type of gastric cancer is diagnosed with liver metastasis. Peritoneal metastasis is identified more frequently in gastric cancer patients with a diffuse infiltrative growth pattern than in patients without that pattern (10, 39) .
Although we demonstrated that NEimFISH is a promising IFCC detection method with a higher positive rate, this study had many limitations. The limited number of samples and lack of enough recurrent information make our detection technology hard to promote. Therefore, more prospective clinical trials and recurrent survival analyses are needed.
Conclusions
Gastric cancer could be effectively diagnosed by NEimFISH. The IFCC number found using NEimFISH on CEN8/17 is closely associated with Lauren type and vascular invasion of cancer. NEimFISH is a reliable detection modality with a high positive detection rate, high one-year peritoneal recurrence predictive value and quantitative features for IFCC analysis of gastric cancer.
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